Summary. Mice were grouped to induce suppression of oestrus and subjected to removal of the vomeronasal organs or treatment with CB 154 which lowers prolactin levels. Both treatments overcame the suppression of oestrus after 72 h. Oestrus suppression was induced in lesioned mice by haloperidol treatment which raises plasma prolactin, and oestrus returned some 72 h after withdrawal of haloperidol treatment.
Introduction
By grouping female mice it is clear that pheromonal suppression of oestrus occurs (Van der Lee & Boot, 1955; Whitten, 1959) but the neural pathways through which the olfactory cues mediate their effects and the neuroendocrine nature of these effects are not established.
In mammals there are two anatomically discrete olfactory pathways which are related to the vomeronasal organ or to the olfactory receptors in the nasal epithelium (Barber & Raisman, 1974) . Whereas the main olfactory projection is via the olfactory bulb to the cortex, the vomeronasal organ projects via the accessory olfactory bulb directly to the limbic brain and is in close relationship with that part of the hypothalamus concerned with neuroendocrine regulation (Scalia & Winans, 1976) . Unfortunately, removal of the olfactory bulbs damages both neural pathways. Therefore, although olfactory bulbectomy will induce a return to cycles in oestrussuppressed females (Van der Lee & Boot, 1955;  Mody, 1963) , it is uncertain as to which olfactory receptors are involved. Attention has recently focused on the vomeronasal system in reproductive behaviour (Estes, 1972; Powers & Winans, 1975) and there is a suggestion that urine odours may induce reflex ovulation by a vomeronasal effect in rats (Johns, Feder, Komisaruk & Mayer, 1978) . On the other hand, induction of oestrus in mice by male urine has been claimed not to be mediated by the vomeronasal system (Barber & Raisman, 1977) .
Neuroendocrine changes induced by pheromones in mice have been little explored, although it has been suggested that induction of oestrus (Whitten effect) is primarily by an action on LH and then oestrogen (Bronson & Desjardins, 1969; Bronson, 1976a) . However, in the pheromonal suppression of oestrous cycles it may be more pertinent to focus attention on prolactin, especially since this hormone is known to be elevated in hyperprolactinaemic amenorrhoeic women (Besser, Parke, Edwards, Forsyth & McNeilly, 1972) , acyclic rats (Dickerman, Kledzik, Gelato, Chen & Meites, 1974) and ovariectomized oestrogen-treated mice maintained in groups of 6 females (Bronson, 1976b had started 72 h after the operation when 11 of the 14 had begun to cycle (P < 0-01). Sham operation of a fifth group had no effect on the numbers of females showing oestrous cycles (7/8 suppression before and after surgery, Table 1 ). 
After being grouped together for 3 weeks, 10 of 12 females were not cycling when vaginal smears were taken for 5 days. At 16:00 h on the 6th day each mouse was given an intraperitoneal injection of the dopamine agonist, bromocriptine (CB 154: Sandoz Phar¬ maceuticals), as a dose of 5 mg/kg body weight. The vehicle was 0-5 ml saline (0-9% (w/v) NaCl).
At 72 h after the bromocriptine injection, 6 of the females were in oestrus and another 3 were in pro-oestrus, despite being grouped (Table 1) . At 2 weeks after the bromocriptine treatment 10 of the females were again showing suppression of oestrus, and an injection of saline on the 6th day after 5 days of vaginal smears had no effect. All 12 females were showing suppression of oestrus 14 days later and a bromocriptine injection (same dose) again resulted in oestrus in 7 females 72 h later and in 2 more by 4 and 5 days after the single bromocriptine treatment.
Experiment 4
The vomeronasal organs were removed from 16 females and 2 weeks later vaginal smears were taken for 5 days. The dopamine antagonist, haloperidol (R1625: Searle Ltd) was then injected intramuscularly twice daily at 08:00 and 16:00 h for 4 days to the 12 surviving mice, of which 7 were exhibiting normal cycles. Each injection was of 6 µg in 0-1 ml saline and was given into alternate hind limbs to avoid trauma. Vaginal smears were taken at 16:00 h; 10 of the females showed suppression of oestrus (Table 1) . When the haloperidol treatment ceased, 9 out of 11 animals (1 died) were in oestrus within 72 h. Similar twice daily injections of saline vehicle were without effect on cycles. Boot, 1955 Boot, , 1956 ). The introduction of male odour cues to grouped, oestrus-suppressed females reinstates their normal cycles, oestrus occurring 72 h later (Whitten, Bronson & Greenstein, 1968 (Whitten, 1958; Whitten et al., 1968) or, as shown here, by removal of the peripheral receptors (vomeronasal organ). The involvement of the vomeronasal system in mediating endocrine changes associated with reproduction has been suspected for some time (Estes, 1972) , but has only recently been demonstrated in the rat (Johns et al., 1978) in which urine odours are also associated with the timing of the oestrous cycle (Aron & Chateau, 1971) . 
